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ABSTRACT 
Gurshan Kaur: Effects of the Pathogen Mycoplasma gallisepticum Transmission on 
Growth and Condition of Eastern Bluebirds Nestlings (Sialia sialis) 
(Under the direction of Susan Balenger) 
 A critical aspect to understanding disease dynamics is to understand how 
transmission occurs between hosts. There are two basic modes of transmission: vertical 
and horizontal. Vertical transmission is the passage of a pathogen from mother to 
offspring before or during birth, whereas horizontal transmission occurs between an 
infected host to a susceptible host. Mycoplasma gallisepticum (MG) is a common 
bacterial pathogen of poultry that causes respiratory disease. Infection of MG often 
results in weight loss, slowed growth rate, and increased mortality. Both vertical and 
horizontal transmission of MG have been found to occur in poultry. In the mid-90s, MG 
underwent a dramatic host shift into songbird species. Little is known regarding the 
effects of transmission of MG between songbird parents and their offspring. In this study, 
we asked whether disease transmission was occurring between Eastern Bluebird adults 
with MG and their altricial nestlings. We found that approximately 9% of all nestlings 
sampled were positive for infection with MG. We further examined whether the presence 
of MG in the throat of 5 day old nestlings affected correlates of their future fitness, 
specifically body condition and growth rate. Our results demonstrate that parent-offspring 
transmission does occur, although we could not determine whether this was because of 
vertical or horizontal transmission. Surprisingly, we found that 5 d. o. nestlings testing 
positive for MG DNA were in significantly better body condition than those testing 
negative for MG DNA. A similar non-significant trend was found for both 11 d. o. and 14 
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d. o. nestlings. These findings may be due to increased feeding rates of infected nestlings, 
resulting in greater relative mass. However, parent-offspring transmission does not 
appear to be detrimental to nestlings quality, and remarkably, is even positively 
associated with body condition. It is likely, therefore, that parent-offspring transmission 
is not important for any negative effects of this disease on our Eastern bluebird 
population. Our data does not support a cost to nestlings as a result of the acquisition of 
an MG infection. 
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Introduction 
 A critical aspect of understanding infectious disease dynamics is to identify how 
and how often the disease-causing organism is being transmitted. Transmission can 
broadly be characterized into two modes – horizontal and vertical (Antonovics et al. 
2017). Horizontal transmission occurs by an infected host’s direct or indirect contact with 
a susceptible host. Such transmission can occur via multiple routes, including air 
droplets, aerosols, direct physical contact, fomites, and through vectors (Fischer 1997). 
Vertical transmission, on the other hand, refers to disease transmission from mother to an 
embryo or fetus. There are two possible routes for vertical transmission – perinatal 
infection that happens before birth or congenital infection that happens during childbirth 
(Al-Fifi et al. 2009)  
 Many diseases are transmitted by both horizontal and vertical routes. For 
example, one person can transmit Human Immunodeficiency Virus (HIV) to another 
person through an exchange of bodily fluids like blood, semen, pre-seminal fluid, vaginal 
fluid, and breastmilk. However, HIV can also be passed vertically from mother to child 
during pregnancy or parturition (Stoto et al. 1999). Some diseases are only transmitted 
horizontally. For example, Chronic Wasting Disease is only transmitted to reindeer by 
direct or indirect contact with infected white-tailed deer, mule deer, or elk (Moore 2016). 
Exclusively vertical transmission of pathogenic organisms is not common (Sachs et al. 
2011; Antonovics et al. 2017). This study evaluates parent-offspring transmission of a 
common pathogen of birds, Mycoplasma gallisepticum (MG). 
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 MG is a pathogenic bacterium known only to infect birds (Class: Aves). The first 
recorded description of MG causing disease was in poultry in 1905, and numerous studies 
have followed to better understand the symptoms, transmission, and effects of MG (Dodd 
1905; Nelson 1935; Dickinson and Hinshaw 1938; Delaplane and Stuart 1943; Markham 
and Wong 1952; Ley 1996). In chickens and turkeys, infection causes chronic respiratory 
disease (CRD) and infectious sinusitis, respectively. Symptoms associated with CRD 
include respiratory rales, coughing, and nasal discharge (Ley 1996). Presence of MG 
causes one of the costliest diseases worldwide for commercial poultry production because 
of the diminished egg production efficiency and slowed growth of chicks. Transmission 
in poultry occurs both horizontally within a flock and vertically in ovo (Ley 1996).   
In the mid 1990’s, MG underwent a host shift and began infecting house finches 
and other wild songbirds (Ley 1996). House finches transmit MG horizontally, often 
through close physical contact at bird feeders (Adelman 2015). Conclusive evidence of 
vertical transmission has yet to be identified in house finch families (Nolan et al. 2004).  
 
Transmission of MG  
 Horizontal and vertical transmission of a pathogen by parents can have major 
fitness impacts on themselves and on their developing offspring. The vertical 
transmission of MG in birds may occur in two distinct life stages – in ovo (egg) or in vivo 
(post hatching). Much work within the poultry industry has been focused on in ovo 
transmission of MG. Infection experiments have shown that certain strains of MG cause 
reduced egg production, reduced fertility, and increased hatch failure due to embryo 
death (Levisohn and Kleven 2000).  
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Horizontal transmission can be by direct contact, airborne, or indirect methods. 
Indirect modes can be categorized as environmental or through fomites. For birds, fomite 
horizontal transmission and environmental horizontal transmission have both been 
recorded. For example, fomites left behind on bird feeders is a major cause of 
transmission of MG in house finches (Adelman 2015). An example of environmental 
route of horizontal transmission is contaminated food (Antonovics et al. 2017). One 
observational field survey found that MG can be horizontally transmitted to chicks from 
either parent by feeding (Nolan et al. 2004).  
 Nolan et. al (2004) tested for the mode of transmission of asymptomatic MG in 
house finches, nestling MG infection prevalence, and the effect of MG infection on body 
size. That study found that transmission of disease most likely occurred horizontally and 
after egg hatching rather than vertically. The authors suggest the presence of MG in ten 
day old (d. o.) house finch nestlings was a result of parental care since nests with infected 
males but not infected females contained infected progeny. Nolan et al. (2004) also found 
a relationship between nestling infection status and size. Specifically, they found that 
infected nestlings had significantly smaller tarsus bones when compared to uninfected 
nestlings (Nolan et. al 2004). Though other seasonal factors may also influence survival, 
smaller body size at hatching is associated with a reduced likelihood to survive to breed 
the next year (Naef-Daenzer et al. 2001). This association between smaller tarsus bone 
length and MG presence suggests reduced survival post-fledging for infected nestlings. 
This information exists for house finches, but much less is known about other songbird 
hosts.  
Eastern Bluebirds 
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 Eastern bluebirds (Sialia sialis) are secondary cavity nesters, meaning that they 
readily nest in man-made wooden boxes, and their nesting behavior is thus easily 
monitored. Like most birds, eastern bluebirds lay one egg per day. An average clutch size 
for bluebirds in northern Mississippi ranges from 3-6 eggs. Incubation of eggs typically 
starts the day after the last egg is laid and lasts approximately 2-3 weeks. Usually, all of 
the eggs in a clutch will hatch within the same day but hatching order follows laying 
order (Gowaty and Plissner 2015). Earlier hatched bluebirds are larger compared to their 
later hatched siblings (Soley et al. 2011). 
 Eastern bluebirds feed on small fruits and berries in the late summer and early 
winter. During the breeding season; however, they mainly prey on insects, spiders, and 
small vertebrates. There is currently no data on the nutritional requirements for bluebirds 
or nutrients acquired by such diet (Gowaty and Plissner 2015).  
Bluebird nestlings are altricial, meaning they require parental care and feeding 
after hatching. Nestlings spend their early days in the nest under the care of both of their 
parents, until they fledge around 18 d. o. (Gowaty and Plissner 2015). These nestlings 
display Stereotypic Begging Posture and are fed from the first hour of hatching to 3 
weeks of age (Gowaty and Plissner 2015). Adult bluebirds can either consume prey upon 
capture, or they can carry and transfer prey such as grasshoppers and caterpillars from 
their beak to the beaks of their nestlings (Pitts 1978). This parent-offspring interaction 
presents a possible route of horizontal transmission.  
Understanding MG and its effects on eastern bluebirds begins at understanding its 
mode of transmission. With support for both horizontal and vertical transmission in other 
avian species, it would not be unexpected to see either type of transmission in eastern 
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bluebirds. Because eastern bluebird nestlings are altricial and have limited contact with 
the environment in their nestling period, there is likely only one source for the MG–the 
parents. For this reason, we hypothesized that adult eastern bluebirds are transmitting this 
disease-causing organism to their chicks. Specifically, we predict that adult eastern 
bluebirds that test positive for MG will also have some nestlings that test positive for 
MG. As MG is a pathogen of poultry and songbirds, we also predict this transmission 
will have a negative impact on eastern bluebird nestlings, causing relatively lower body 
condition, mass change, and slower bone growth.  
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Methods: 
Study Site and Sample Collection 
 We sampled birds at the University of Mississippi Field Station (UMFS) and the 
University of Mississippi Golf Course (UMGC) from March – August 2018. Each of 
these locations had bird boxes approximately 100 meters apart. Beginning in mid-March, 
bluebirds began building nests. We checked and recorded data from boxes every 1-3 days 
to track hatching date and number of nestlings. For each chick, growth measurements of 
tarsus bone length (+/- 0.01 mm) and mass (+/- 0.01 g), using a Vernier caliper and 
digital balance respectively, were taken when nestlings were 2, 5, 8, 11, and 14 d. o. 
(Figure 1). When nestlings were two d. o., a toenail was clipped on each nestling for 
future identification until banding was possible. When they reached five d. o., choanal 
swabs were collected from all chicks by gently swabbing the top of the choanal cleft for 5 
seconds. Swabs were then placed in sterile tubes and frozen at -20 °C until extraction. 
The chicks were banded with silver USGS numbered leg bands for identification at eight 
days old. Parent bluebirds were trapped at the nestbox when nestlings were between 5-11 
d. o. An observer was always present during trapping, and adults were immediately 
removed from the box following capture. We collected and stored choanal swabs from 
adults similar to nestlings described above. All animal protocols and procedures were 
approved by the Institutional Animal Care and Use Committee of the University of 
Mississippi (IACUC protocols #18-015). 
 For each nestling, the purpose of recording their growth measurements when 2, 5, 
8, 11, and 14 d. o. was to track their body condition. Body condition was estimated using 
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the residuals of a regression between mass and the length of the tarsus bone. Mass change 
and tarsus bone length change were calculated as the difference between the nestlings’ 
mass and tarsus bone length respectively on Day 14 versus Day 2.  
 
Figure 1.  Timeline of nestling sample collection. 
  
 
DNA extraction and PCR 
Presence of MG itself can be identified by culturing bacteria from tissues of 
infected individuals. In some species, such as poultry and house finches, MG is known to 
localize to the upper respiratory tissues, thus the choanal cleft can be swabbed and 
undergo polymerase chain reaction (PCR) using specific primers to detect and amplify 
any MG DNA present in those tissues (Lauerman et al. 1995).  
DNA was extracted from each choanal swab via boil extraction. Each choanal 
swab was placed into a test tube containing 200 µl of  nuclease-free water. Samples were 
boiled at 95 °C for 10 minutes, placed in ice for 10 minutes, centrifuged at 2500 rpm for 
5 minutes, and then either immediately prepared for polymerase chain reaction (PCR) or 
were stored at -20 °C until further processing (Roberts et al. 2001).  
 We PCR amplified each DNA sample with MG-specific primers for the mgc2 
cyadhesin gene (Hnatow et al. 1998). Briefly, we followed manufacturer’s protocols for 
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the Promega GoTaq Hot Start PCR Master Mix. Total reaction volumes were 25 µL and 
contained 5 µL of sample (Table 2). Samples were then run on a 2% agarose gel to 
visualize amplification. The expected fragment length was 185 base pairs (bp; Lauerman 
et al. 1995, Roberts et al. 2001; Figure 2). Presence of a 185 bp band was evidence for 
MG DNA in the choanal cleft of the bird. Absence of a band indicated that the bird was 
currently negative for infection with MG. Samples were compared to those of the DNA 
ladder (ThermoFisher Scientific- Invitrogen Track It 100 bp DNA Ladder), a negative 
control (Nuclease-Free Water), and a known positive MG control.  
 
 
Table 1. MG-specific primer sequences for mgc2 locus (Hnatow et al. 1998) 
 Sequence  
Forward 5’ GAG CTA ATC TGT AAA GTT GGT C 3’ 
Reverse 5’ GCT TCC TTG CGG TTA GCA AC 3’ 
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Table 2. Thermocycler conditions 
Stage Temperature Cycles 
Stage 1 95 ° C 1 cycle for 5 minutes 
 
Stage 2 95 ° C,  55 ° C, 72 ° C  35 cycles with 30 seconds at 
each temperature  
 
Stage 3 72 ° C;  8° C 1 cycle for 5 minutes; 1 cycle 
until PCR tubes were removed 
from thermocycler  
 
 
Figure 2.  Typical agarose gel results of MG specific PCRs from bluebird choanal cleft 
swabs.  Lane 1 is the 100 bp DNA ladder, with the fragment length sizes on the left for 
reference. Lanes 2-17 contain individual nestling choanal swab DNA. Lane 18 contains 
an extraction from a sterile swab to ensure our extraction reagents were not contaminated. 
Lane 19 is no template (water) negative control, and Lane 20 is the positive control from 
lab culture strain of house finch MG DNA. The sample in Lane 12 is positive for MG; all 
other samples are negative. 
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Analysis 
 Because of the small sample size resulting in a lack of normality, we used non-
parametric statistics. Specifically, we used Kruskal-Wallis non-parametric rank order 
tests to examine the relationship between MG DNA status (presence/absence) of five d. 
o. nestlings and their body condition, mass change, and bone growth. 
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Results: 
Our data set consisted of 33 families, with a similar number of individuals tested 
at the two field sites (Table 3). We found evidence for adult males, adult females, and 
nestlings with MG infections in the choanal cleft (Table 4). Ten, 5 d.o. nestlings tested 
positive for MG presence. Of these positive nestlings, none of them belonged to nests 
where only the mother tested positive for MG presence. Two of the positive nestlings 
were in nests where only the father tested positive for MG presence. Three nestlings were 
in nests where the mother and father were both negative. Five of the positive nestlings 
had a mother that tested negative, but the status of MG infection in the father was 
unknown. 
 
 
Table 3. Summary of sample sizes (choanal swabs collected) at each field site utilized in 
this study. UMFS = University of Mississippi Field Station; UMGC = University of 
Mississippi Golf Course.  
 UMFS UMGC 
Adult females sampled 17 12 
Adult males sampled  11 10 
Nests sampled 18 14 
Nestlings sampled 65 49 
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Table 4. Summary of MG PCR testing results. Percent refers to the percentage of 
individuals testing positive relative to the entire number of individuals tested. 
 n % 
Positive adult females 1 3.4 
Positive adult males 3 14.3 
Nests with ≥ 1 positive nestling 2 6 
Positive 5 d. o. nestlings 10 8.7 
 
Body condition was significantly different between infected and uninfected 5 d. o. 
nestlings (p = 0.01), such that nestlings with MG DNA were in better condition than were 
those without MG DNA (Table 5, Figure 3). Similar, but non-significant (p = 0.07), 
effects were also seen in both 11 d. o. and 14 d. o. nestlings (Table 5, Figure 3). Change 
in mass and tarsus bone length did not significantly differ between the two groups; 
infected nestlings did not differ from uninfected nestlings with respect to either growth 
rate measure (Table 5, Figure 4). 
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Table 5. Results of Kruskal-Wallis tests assessing whether the presence of MG DNA 
affects nestling body condition or growth measurements. Significant p-values are bolded. 
  df χ2 p 
Body condition     
 2 d. o. 1 0.019 0.889 
 5 d. o. 1 6.286 0.012 
 8 d. o. 1 0.135 0.713 
 11 d. o. 1 3.212 0.073 
 14 d. o. 1 3.209 0.073 
Mass change  1 0.405 0.254 
Tarsus length 
change 
 1 1.624 0.203 
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Figure 3.   Nestling body condition residuals for nestlings testing negative (n = 104) and 
positive (n = 10) for MG DNA at a) 2 d.o., b) 5 d.o., c) 8 d.o., d) 11 d.o., and e) 14 d.o. * 
p < 0.05. Graphs show standard error bars. 
  
   15 
 
Figure 4. (A) mass change and (B) tarsus change over the 14-day nestling period relative 
to disease status. Graphs also show standard error bars. 
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Discussion:  
 This study established that parent-offspring transmission of MG does indeed 
occur in eastern bluebirds. While Nolan et al. (2004) found that 4.7% of house finch 
nestlings sampled were positive for MG DNA, we found nearly a nearly double rate of 
infection (8.7%) in eastern bluebird nestlings. The higher prevalence rate hints that 
parent-offspring transmission may play a larger role in disease dynamics of eastern 
bluebird populations than it does for house finches.  
Transmission of MG from adult birds to their nestlings is possible through two 
modes: vertically through the mother’s reproductive tract and horizontally through 
feeding by either parent. In this study we see ambiguous patterns of parent-offspring 
infection from which we can only speculate as to the true mode of transmission. 
Of the ten nestlings testing positive for MG, two were from the same nest and had 
a negative mother and a positive father that may have transmitted the pathogen 
horizontally. These nestlings had already been fed dozens of times by both parents, and 
MG can be transmitted via contaminated food (Adelman et al. 2015). Adult bluebirds 
often hold prey items inside their oral cavity before passing them into the open gape of 
their offspring (Gowaty and Plissner 2015). This intimate feeding behavior provides 
ample opportunity for direct transmission of a respiratory pathogen. In this case, paternal, 
but not maternal, horizontal transmission is likely to have infected the nestlings. A 
similar scenario was possible for another 5 nestlings from 4 nests. Among these nests, the 
mother tested negative for MG, but the father was not captured, therefore his infection 
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status is unknown.  
Vertical transmission is the most likely route of transmission for the remaining 
three positive nestlings from 3 nests. In these cases, neither parent tested positive for MG 
in the choanal cleft palate. We cannot, in fact, eliminate the possibility of vertical 
transmission in any case because adults are capable of clearing the primary respiratory 
infection but still harboring a systemic chronic infection (Levisohn and Kleven 2000). If 
MG is present in the female ovaries and/or oviduct then the pathogen may be transmitted 
to the developing ovum or fertilized embryo in the absence of a respiratory infection (Lin 
and Kleven 1982; Glisson and Kleven 1984; Levisohn and Kleven 2000). In the future it 
will be important to also examine eggs for MG infection prior to hatching, which will 
establish whether vertical transmission is in fact occurring. 
 
Effects of MG on Nestling Condition and Growth Rate 
 Though we were not able to unambiguously determine the mode of transmission 
of MG, we did find that transmission of the pathogen is occurring between eastern 
bluebird parents and relatively young nestlings. This is particularly important because 
altricial nestlings do not develop adaptive immunologic independence until 
approximately 10 days post-hatching (Hartle 2014). When the nestlings were swabbed at 
five d. o., they were not immunologically protected. With pathogen transmission and an 
underdeveloped adaptive immune system in nestlings, we can investigate if MG presence 
causes a decline in body condition and growth rate. Contrary to our predictions, we 
observed a rise in body condition for 5 d. o. infected nestlings. Similar trends were 
observed for 11 d. o. and 14 d. o. infected nestlings, though these differences were not 
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statistically significant. Therefore, the presence of the pathogen not only does not 
translate to reduced condition, but that some form of compensation for infection may be 
occurring. 
Our findings that 5 d. o. infected nestlings having increased mass for their body 
size could be indirectly correlated to MG DNA presence. Other studies have found that 
hatch order influences both mass and likelihood of infection. Specifically, Soley et al. 
(2011) found that the earlier hatched birds had a positive correlation with mass, and 
Nolan et al. (2004) suggested that earlier hatched nestlings were more likely to be 
exposed to pathogens. Therefore, better body condition of infected 5 d. o. nestlings may 
simply be an artifact of hatching earlier. Given that we did not find an effect of infection 
on body condition in 2 d. o. nestlings, however, we do not think that hatching order is the 
most likely explanation for the difference we see in body condition between 5 d. o. 
nestlings. Given the small number of infected nestlings, however, our power to detect a 
difference in 2 d. o. nestlings may currently be too low, and increased study of this 
hypothesis is warranted. 
An alternative explanation for increased body condition of infected nestlings is 
that parents differentially allocate resources to nestlings that are and are not infected post 
hatching (Burley 1988, Sheldon 2000). Specifically, parents may simply feed infected 
nestlings more so as to increase their likelihood of survival (Naef-Daenzer et al. 2001). 
Our data provides some support for this hypothesis because significant differences in 
body condition between infected and uninfected nestlings are not seen until nestlings are 
5 d.o. Differential allocation of food based on infection status is more likely to be 
detectable at this timepoint than when nestlings are only 2 d. o. Such resource 
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compensation would likely improve the chance of survival of infected nestlings. 
Unfortunately, we did not record parental feeding behaviors, and therefore we can only 
speculate that this is occurring.  
In contrast to Nolan et al.’s (2004) study of the effects of MG infection on 
nestling house finches, we did not find a difference in tarsus bone length change between 
infected and uninfected eastern bluebird nestlings (Figure 4). However, Nolan et al. 
(2004) used a single measurement of bone length, while we compared the tarsus bone 
length change, or growth rate, from 2 d. o. to 14 d. o. Furthermore, Nolan et al. (2004) 
did not consistently collect tarsus measurements of same aged nestlings (range: 10 – 12 d. 
o.) during which time nestlings are continuing to grow. Growth rate is likely to be a better 
indicator of parental provisioning, whereas bone length per se may be more indicative of 
overall body size (Cleasby et al. 2011).  
Of course, inconsistency between our results and those of Nolan et al. (2004) 
could also be due to species-level differences. It is possible that the varying diet between 
the seed-eating house finches and insectivorous eastern bluebirds contributes to the 
differences in changes in growth rate. For example, the nutritional content of the food 
itself or the way that the food is collected and transferred may affect growth and 
transmission rates.  
 
Conclusion 
MG is an important pathogen among eastern bluebirds in the southeastern United 
States. In this study, we found evidence for transmission of MG from adult eastern 
bluebirds to their nestlings, potentially through both horizontal and vertical modes. 
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Unfortunately, the results were not conclusive for which transmission mode was 
occurring in this newly recognized host species. By establishing that transmission does 
indeed occur between parents and offspring, we were able to examine whether the 
presence of MG affects developing bluebird nestlings. We expected to see both declines 
in body condition and in growth rate for infected nestlings. Contrary to prediction, 
however, we saw evidence for increased body condition of infected nestlings and found 
no significant change in growth rate from the ages of 2 d. o. and 14 d. o. Rates of growth 
and body condition are important factors to investigate because they correlate with 
measures of survival and fitness of eastern bluebirds. Although adult-nestling 
transmission of this pathogen is occurring at a relatively high rate, our results suggest that 
MG is unlikely to be affecting the future fitness of infected nestlings. Ultimately, 
infection of nestling bluebirds by their parents may have little if any influence on overall 
host-pathogen dynamics in the wild. 
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